Purpose: To investigate the association between sleep duration and diabetic retinopathy (DR). Methods: A population-based cross-sectional study using a nation-wide, systemically stratified, multistage, clustered sampling method included a total of 1670 subjects aged ≥40 years with diabetes who participated in the Korean National Health and Nutrition Examination Survey during 2008-2012. All participants performed standardized interviews, including self-reported sleep duration, and comprehensive ophthalmic examinations. Seven standard retinal fundus photographs were obtained from both eyes after pupil dilatation. Diabetic retinopathy (DR) was graded and classified as any DR and vision-threatening DR. Participants were stratified into men and women. Results: The mean sleep duration was 6.71 hr/day. In men, adjusted OR of any DR was 1.88 [95% confidence interval (OR), 1.01-3.59] in those with ≤5 hr sleep, and 2.19 (95% CI, 1.01-4.89) in those with ≥9 hr sleep, compared to in subjects with 6-8 hr sleep, after adjusting for potential confounders including age, body mass index (BMI), diabetes duration, fasting glucose level, haemoglobin A1c levels and hypertension. In women, however, no significant association between sleep duration and DR was found. The vision-threatening DR was not significantly associated with sleep duration in either men or women. Conclusions: Short and long sleep was associated with high prevalence of DR in men. Sleep deprivation may be involved in the pathogenesis of DR development.
Introduction
Diabetic retinopathy (DR), one of the most common diabetes complications, is a leading cause of blindness among working-aged adults worldwide (Stef ansson et al. 2000; Kobrin Klein 2007) . Latest estimates from the International Diabetes Federation forecasts a rise from 366 million people worldwide to 552 million by 2030 (Scanlon et al. 2013) . Diabetic retinopathy (DR) affects up to 80% of all patients who have had diabetes for 10 years or more. Major risk factors for DR include a longer diabetes duration, poor glycemic control and hypertension, which have been strongly and consistently associated with DR across populations (Yau et al. 2012; Al-Rubeaan et al. 2015) . We previously reported that these risk factors could be applied to a representative Korean population, indicating that DR was closely associated with the diabetes (Jee et al. 2013 ). Other potential risk factors, including cardiovascular disease, lipid profiles and obesity, have been inconsistently associated with DR across populations (Van Leiden et al. 2002; Klein et al. 2004) .
Recently, sleep disturbance has been found to be linked to abnormal glucose metabolism and increased diabetes risk (Donga & Romijn 2014) . Various epidemiologic studies have found the sleep duration is a risk factor for insulin resistance and type 2 diabetes. Crosssectional studies indicated that short sleep duration under 6 hr/night was associated with the increased diabetes risk (Knutson & Van Cauter 2008) , and prospective studies with follow-up period of 5-17 years observed the association between short sleep duration and increased incidence rate of diabetes (Mallon et al. 2005; Yaggi et al. 2006; Gangwisch et al. 2007; Beihl et al. 2009; Rafalson et al. 2010) . Moreover, a recent meta-analysis including 107 756 participants concluded that short sleep predicts the type 2 diabetes development with the pooled relative risk of 1.28 (Cappuccio et al. 2010 ). This association was further supported by the fact that obstructive sleep apnoea is a well-known risk factor for insulin resistance and highly prevalent in patients with type 2 diabetes (Meslier et al. 2003; Pamidi et al. 2010 ) and pregnant women, special population vulnerable to sleep deprivation, showed the association between sleep deprivation and gestational diabetes (Ayas et al. 2003) . The proposed biological mechanism of the insulin resistance after sleep restriction is the altered function of autonomic nervous system (Stamatakis & Punjabi 2010) , endocrine changes (Leproult et al. 1997; Reynolds et al. 2012 ) and an altered inflammatory state (Boudjeltia et al. 2008) . Interestingly, there is evidence that long sleep duration over 9 hr/night also increases incidence of diabetes, with a pooled relative risk of 1.48 (Ayas et al. 2003; Yaggi et al. 2006; Gangwisch et al. 2007; Cappuccio et al. 2010) , suggesting the Ushaped relationship between sleep duration and risk of diabetes, although there is a controversy that long sleep duration is not a cause of diabetes, but rather a consequence of poor medical condition from diabetes (Knutson & Leproult 2010) .
Considering that there is emerging evidence that sleep duration affects the incidence of diabetes, and diabetes is closely related with DR, we hypothesized that sleep duration may be associated with DR. We therefore investigated the relationship between sleep duration and DR in a representative population of Korean adults.
Subjects and Methods

Study population
This study was based on data from the Korean National Health and Nutrition Examination Survey (KNHANES). The KNHANES is the project which is a nation-wide, population-based, cross-sectional study performed by the Korean Center for Disease Control and Prevention. A rolling sampling design of the KNHANES used a stratified, multistage, complex, probability cluster survey with proportional allocations based on the National Census Registry of the non-institutional civilian population in Korea. Details on the study design and methods have been previously reported (Kim et al. 2013; Park 2013 (Fig. 1) . The Institutional Review Board of the Catholic University of Korea approved the protocols for this study. The study design followed the tenets of the Declaration of Helsinki for biomedical research. All participants signed and provided written informed consent.
Data collection
Diabetic retinopathy (DR) was determined based on the fundus photograph. Seven standard photographs were obtained for both eyes after pharmacological pupil dilatation according to the Early Treatment for Diabetic Retinopathy Study in participants with a history of diabetes, a random blood glucose level >200 mg/dl or suspicious diabetic DR findings in non-mydriatic 45°digital fundus photographs (TRC-NW6S, Topcon, Tokyo, Japan) that were performed in all participants ≥40 years. Details about the DR severity scoring method have been reported elsewhere (Wong et al. 2006; Jee et al. 2013 Jee et al. , 2014 . To be brief, DR was identified when any characteristic lesion was found based on the Early Treatment Diabetic Retinopathy Study severity scale: haemorrhage, microaneurysm, cotton wool spots, hard exudate, intraretinal microvascular abnormalities, venous beading and neovascularization. A DR severity was determined according to a modified version of the Airlie House Classification system, in which severity score was assigned to each eye (Group DRS 1981) . The level of retinopathy was graded based on the worse eye. We defined two primary outcomes on the basis of the severity scores: any DR and vision-threatening DR (VTDR). Any DR was defined as a level >14. Vision-threatening diabetic retinopathy (VTDR) was defined as the presence of severe non-proliferative DR, proliferative DR or clinically significant macular oedema (CSME): severe non-proliferative DR was defined as level 51; proliferative DR was defined as a level >60; and CSME was defined when the macular oedema was involved or within 500 lm of the foveal centre or if focal photocoagulation scars were present in the macular oedema (Group DRS 1981) . The fundus photograph images were analysed by two different graders. These graders were masked to the clinical statuses of the subjects. In cases of disagreement, a trained ophthalmologist was consulted and acted as the senior grader. The survey quality was verified by the Epidemiologic Survey Committee of the Korean Ophthalmologic Society, in which staff members periodically trained the participating ophthalmologists.
Demographic information was collected during health interviews. Sleep duration was measured as the average sleep hours per day using a selfreported method. The participants were asked, 'On average, how long do you sleep each day?' Height and weight were measured, and the body mass index (BMI) was calculated as weight (kg)/height (m) 2 . The smoking status was classified as current smokers, past smokers and never smokers based on self-reported questionnaire.
A diabetes diagnosis was assigned to those who reported history of diagnosis by physician, those who were receiving drug treatment for diabetes such as insulin or oral hypoglycaemic agents or those with a fasting plasma glucose level >126 mg/dl. The presence of hypertension was defined as a systolic blood pressure ≥140 mmHg, a diastolic blood pressure ≥90 mmHg or the use of antihypertensive medication. Blood pressure was measured with a sphygmomanometer with the patient in a seated position. After collecting three measurements at 5-min intervals, the average of the second and third measurements was used for the analysis. Hypercholesterolaemia was defined as a total cholesterol concentration >240 mg/dl or if the individual was prescribed anticholesterol medication. Hyperlipidaemia was defined as a triglyceride concentration over 200 mg/dl. We measured fasting glucose, haemoglobin A1c, total cholesterol and triglyceride levels using a Hitachi automatic analyser 7600 (Hitachi, Ltd., Tokyo, Japan). Blood samples were collected after 10-12 hr of fasting at the same day of taking the fundus photograph. All blood samples for analysis were properly processed, promptly refrigerated and transported in cold storage to the Neodin Medical Institute (Seoul, Korea), a Korean Ministry of Health and Welfare-certified laboratory.
Statistical analysis
We performed the statistical analysis using SPSS (ver. 18.0; SPSS, Inc., Chicago, IL, USA) to account for the complex sampling design. Point estimates and standard errors were obtained using strata, sampling units and sampling weights. The demographic characteristics were described using means and standard errors for continuous variables and percentages and standard errors for categorical variables. We compared the demographic characteristics using ANOVA or chi-square test.
To evaluate the association of the sleep duration with the DR prevalence, the sleep duration was categorized into three categories: ≤5 hr, 6-8 hr and ≥9 hr. Simple and multiple logistic regression analyses were used to examine the association between the sleep duration and DR. After calculating the crude odds ratios (OR) (Model 1), they were adjusted for age, sex and other confounding factors including the BMI, diabetes duration, fasting glucose level, haemoglobin A1c level and hypertension, which have been established as independent risk factors in previous studies (Model 2) (Yau et al. 2012; Jee et al. 2013 ). Participants were stratified by gender to examine how the risk factors for DR differ between men and women. For trend analysis, we evaluated change of ORs by long and short sleep based on normal sleep (6-8 hr). We examined all variables in the logistic regression analysis for multicollinearity, and only variables with a variance inflation factor <5 were used. p values were 2-tailed, and <0.05 was considered to indicate statistical significance.
Results
Diabetes was diagnosed in 2014 (13.8%) of the 14 562 eligible subjects aged ≥40 years who underwent sleep duration evaluation and fasting glucose level evaluations. Gradable seven standard photographs from the Early Treatment for Diabetic Retinopathy Study were obtained for 1670 of the diabetic subjects (82.9%). Therefore, 1670 subjects were included in the current study analysis. The demographic characteristics of the 1670 enrolled subjects are summarized in Table 1 according to DR status. Subjects with DR were more likely to have lower BMI (p < 0.001), lower diastolic blood pressure (p = 0.005), higher fasting glucose level (p < 0.001), higher haemoglobin A1c level (p < 0.001), longer diabetes duration (p < 0.001) and longer or shorter sleep duration (p = 0.017) compared to those without DR.
The demographic and clinical characteristics according to the sleep duration categories are presented in Table 2 . The subjects with 6-8 hr sleep showed higher proportion of male (p = 0.010), younger age (p < 0.001), higher total cholesterol (p = 0.023), higher triglyceride (p = 0.011) and shorter diabetic duration (p = 0.003), compared to those with sleep duration ranging <5 hr or >9 hr. The mean sleep duration was 6.71 AE 0.05 hr/day.
The DR prevalence rates were significantly different according to the sleep duration. The prevalence of any DR in subjects with 6-8 hr sleep (16.4 AE 1.5%) was lower than those with ≤5 hr sleep (22.7 AE 3.2%) or ≥9 hr sleep (27.4 AE 4.9%, p for trend = 0.021, Fig. 2 ). The prevalence of VTDR in subjects with 6-8 hr sleep (5.1 AE 0.9%) was lower than those with ≤5 hr sleep (6.0 AE 1.7%) or ≥9 hr sleep (7.5 AE 2.5%, p for trend = 0.560, Fig. 3) .
The odds ratios (ORs) for the association between sleep duration and DR were presented in Table 3 . Adjusted OR of any DR was 1.37 [95% confidence interval (CI), 0.85-2.20] in those with ≤5 hr sleep, and 1.80 (95% CI, 1.01-3.21) in those with ≥9 hr sleep, compared to in subjects with 6-8 hr sleep. In men, adjusted OR of any DR was 1.88 [95% confidence interval (CI), 1.01-3.59] in those with ≤5 hr sleep, and 2.19 (95% CI, 1.01-4.89) in those with ≥9 hr sleep, compared to in subjects with 6-8 hr sleep. In women, adjusted OR of any DR was 1.00 (95% CI, 0.52-1.91) in those with ≤5 hr sleep, and 1.44 (95% CI, 0.67-3.11) in those with ≥9 hr sleep, compared to in subjects with 6-8 hr sleep (Fig. 4) . The adjusted ORs of VTDR was not significantly different in both men and women (Fig. 5 ).
Discussion
Our study demonstrated that the risks of DR increased in those with sleep duration of ≤5 hr or ≥9 hr, compared to those with sleep duration of 6-8 hr in men. Long sleep duration (≥9 hr) also showed the strong association with DR. This association between sleep and DR was only significantly observed in men. Finally, VTDR was not associated with sleep duration in the present study.
We found that in men, the risk of any DR was 1.88 times higher among subjects with short sleep duration ≤5 hr than among those with normal sleep duration 6-8 hr after adjusting for age, BMI, diabetes duration, fasting glucose level, haemoglobin A1c levels and hypertension. Our result is contrary to a previous cross-sectional study in India which reported no association between abnormal sleep pattern and diabetic retinopathy (Raman et al. 2012 ). There are several reports about the association between abnormal breathing pattern during sleep such as obstructive sleep apnoea and DR. The association between obstructive sleep apnoea and DR was observed in 31 males (Rudrappa et al. 2012 ). Another study of 151 patients proliferative DR reported sleep disordered breathing Data are expressed as weighted means or weighted frequency (%) with standard errors. Gradable fundus photograph was obtained in subjects (%) of subjects with diabetes. * p < 0.05 was associated with diabetic retinopathy progression (Shiba et al. 2011) , and the case-control study of 195 patients showed higher prevalence of sleep disordered breathing (Mason et al. 2012) .
A cohort study on 40 Japanese patients reported the high prevalence of sleep disordered breathing (Kashine et al. 2010) , and case-control study on 136 patients with diabetes demonstrated that minimum oxygen saturation levels were associated with DR (Nishimura et al. 2015) . However, these studies are different from our study in that our study evaluated the duration of sleep, not abnormal breathing pattern which can disrupt sleep. Although the exact mechanism is not known, the possible reason is that sleep deprivation decreases the insulin sensitivity. However, fasting glucose levels and haemoglobin A1c levels were not significantly different among the different sleep duration groups in the present study, suggesting the possibility of another mechanism as well as direct impairment of glucose control. For example, sleep deprivation causes disruption of circadian rhythm, which results in an increase in systemic inflammatory response (Mullington et al. 2010) . There is emerging evidence that DR is initiated by inflammation (Joussen et al. 2004) . Another possible explanation is that association between a reduced self-reported sleep duration and diabetes diagnosis could be due to confounding by BMI, or sleep restriction may mediate its effects on diabetes through weight gain (Ayas et al. 2003) . However, association between short/ long sleep and DR was significant even after controlling BMI in our study. Further studies are needed to evaluate the exact mechanism of effect of sleep deprivation on the development of DR.
In addition, long sleep duration (≥9 hr) had a strong association with DR. The adjusted risk of any DR was 2.19 times higher among subjects with long sleep duration than among those with sleep duration 6-8 hr, whereas the magnitude of association in subjects with sleep deprivation was 1.88 compared to those with normal sleep duration. This suggests that the longer duration of sleep could also be the risk factor for DR, not only sleep deprivation does. This finding can be explained by the disruption of circadian rhythm by abnormal sleep duration rather than the just deprivation of sleep. The people of modern industrial societies who can access 24-hr light with work and social activities often lead to sleep disruption that are mismatched with endogenous circadian rhythms. Alternatively, there is a possibility of confounding. The long sleepers may be actually poor sleepers, because they usually extend their sleep time in bed to compensate for poor quality of sleep ( Knutson & Leproult 2010) . In addition, long sleepers may already suffer from fatigue from undiagnosed preclinical condition, which can affect the DR. To identify the effect of long sleep on DR, further studies such as randomized clinical experiments are warranted using objective assessment of sleep rather than self-report. Our study showed significant association between sleep and DR was observed only in men, but not in women. It is consistent with a previous study in that the incidence of diabetes was associated with sleep complaints or short sleep duration in men but not in women (Mallon et al. 2005) . Women have better sleep quality compared with men, with shorter sleep-onset latency and higher sleep efficiency (Krishnan & Collop 2006) . In addition, sleep quality in women varies, because it is affected by distinct hormonal and physical changes such as menstrual cycles, pregnancy and menopause (Krishnan & Collop 2006) . A recent study reported a gender difference in the response to impaired sleep in adults with diabetes (Chasens et al. 2015) . Further studies are needed to confirm or debate our result. The risk of VTDR was not significantly associated with sleep duration. It could be due to the relatively small number of subjects.
The major strengths of the present study are the relatively large number of participants with diabetes (n = 1670) and the study design that incorporated systemically stratified, multistage, clustered random sampling methods. Another strength is the rigorous quality control regarding ophthalmic fundus examinations in KNHANES. Finally, DR was evaluated using seven standard photographs obtained under pharmacological dilatation, which provide more accurate diagnosis of DR. Our study also has several limitations. Sleep duration was obtained from selfreported questionnaires which may introduce information bias, and sleep quality such as sleep fragmentation was not evaluated. In addition, any standardized questionnaire such as the Pittsburgh Sleep Quality Index was not used in the study. Further studies were needed to include the comprehensive examination of sleep duration and quality. Another limitation is that our study featured a cross-sectional design that introduced difficulties when inferring causality.
In conclusion, the present study provides the population-based epidemiologic finding of a relationship between the sleep duration and DR in a representative Korean population. The short (≤5 hr) and long (≥9 hr) sleep was associated with the higher risk of DR in men but not in women. It could be speculated that the short and long sleep may exert an effect on DR development via the disruption of circadian rhythm or abnormal glucose metabolism. Considering that the chronic sleep deprivation has increased worldwide and has become serious and important public health issue, further studies including longitudinal and interventional studies are warranted to examine the effect of sleep disturbance on the DR.
